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EFFECTS OF WING POSITION AND FUSELAGE SIZE ON THE LOW-SPEED STATIC AND
ROLLING STABILITY CHARACTERISTICS OF A DELTA-WING MODEL ‘

By ALEX GOODMANand DAVIOF. THOMAS,JR

SUMMARY

An investigation waa made to determine h e~ea% of wing
po6-ition and ju6eluge s&-3on tl.e louwpeed 8t@ic and rolling
stabWty characteristicsQf airp.?unemoo2Z43having a triangular
wing and verticaltail mwjacec.

Z’ or the lm@tudinal-staMi@ case, tlu resuh%indicated that,
for aU wing po~ions, m the jmebe tizz w increaxed the
maximum lijt toe- demuaed. Also, for a givtmjutekzge
six, the muximum li~ m@.cient increaed m the wing posWon
Wlwchangedjrom low to hi@.

For tlw Maal#uMity an-e, the Tesula indicuted an increme
in the verticaLtaillijt-cwrveslope w well aa an increase in the
e~ective dihedralunlh an increme in j~elage tize. Both thae
e~ecti could be CulcuMedunl.hgood accuracy by using avai-!uble
theory. As Wicatd by both available theory and rmu.h oj
previms invmti.gatti, the e$ective dilwdral at low angles of
attachcuu.sedby wing-juda.ge interference changed* a-sthe
wing podion waa changdfiom low to h~h. Moving the wing
from the low to the hi@ position cawed the vertical-tail con-
Wndion h the directimud atabikty to decrease at low and
mad.emk ar@a oj at!uck. At high angles oj attack, all the
con~ratti invest@& becamedirectionu+?lyunmiz.ble. How-
tmw,th low-wing-lurge-jwe@e @Wwsi3-ra#iO+) conjigura$ion
maintained dwectional stabihly to an ang.k of altu.ck above
that which correqonds to maximum lijt.

For the roUin@uMiiy we, i!heredta generally indical.ed
vw litlike$ect oj bothwi~ position ati~~e tize.

INTRODUC’ITON

In recent years, the accent on high-speed flight has led to
many changes in the design of the major components of
airplanek. The incorporation of large amounts of sweepback
in the wing and tail surfaces, use of low aspect ratio, changea
in wing and horizontal-tail positions relative to the fuselage,
rmd changes in the fuselage shape are but a few of the many
changes that have led to the consideration of some co@gura-
tions for which design information regarding stability
characteristics is not available. In order to provide general
information which would aid the designer of present-day
airplanes, a series of investigations is being conducted in
the Langley stubility tunnel on models having various
interchrmgmble parts. Some of these invedigatione have
resulted in the development of methods for estimating the
various stability derivatives and also have provided infor-
mation with which to check the wdidity of existing theories.
A summary of the various methods used for estimating the
stability derivatives of airplanes is presented in reference 1

which contains a large number of the results obtained in the
Langley stability tunnel.

The present investigation w-asmade in order to determine
the effects of wing position and fi.wlage size on the low-peed
static and rolling stability characteristics of models having
a triangular wing and vertical tail surfaces. This investigw
tion is a continuation of the work reported in reference 2
wherein the effects of wing position on the static stability
oharaoteristic.sof models having unswept and 45° sweptback
surfaces were obtained. The data of the present investi~
tion have been used to determine interference effects between
the wing and fuselages and between the fuselages and vertical
tails and to determine the interference effects of the wing-
fuselage combination on the vertical-tail contribution to the
static-stability and rolling-stability parameters. Also, the
lift-curve slopes of the vertical tails and the efficiency factors
of the vertical tails as a function of ~ position and body
size have been determined. ‘D&grid pictures of the flow at
the vertical tail as affected by wing-fuselage interference are
also presented.

SYMBOLS

The data are presented in the form of sMndard NACA
coefhcienta of forces and momenta which are referred to the
25-percem&mean-aerodynamic-chord point projected on the
plane of symmetry. The positive direction of the forces,
moments, and angular displacements are shown aa part of
figure 1. The coefficients and symbols are defined as
followa:
b span, measured perpendicular to fuselage

center line, ft
c chord, measured parallel to fuselage center

1.im3,ft

z ~ ;P 2dy, jtmean aerodynamic chord, ~
J

s area,Sq ft
x chordwise distance from leading edge of root

chord to quarter-chord point of any
ohord, ft

z ohordwise distance from leading edge of
root chord to quarter~ord point of mean

bJ9
aerodynamic chord, ~

J5’0 cx dyj ft

Y spanwise distance measured perpendicular
to fusdage centerline, ft

Y spanwise distance to quarter-chord point of

Jmean aerodynamic ohordj ~~ ~bPw dy, ft

1SUPXWWNAOATN3X3,IW.
413672-Ci7-27 407
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(a) Ad eyetem.

FIGUREL-System of axes nsed and representationof flow at wing-
fuselage junctaue. Arrows rndicata positive directions of angles,
velocities, and force and moment coefficients.
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(b) Explanatorysketoh for the increBscin rolling moment due to eide-
slip by the fuselage interference and for the induced sideti.
Rear view of wing-fuselageeection.
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FrQurm l.+ncluded

wing IIeight, perpendicular distance from
fuselage center line to wing chord plane
(positive when wing % above fuselage
center line), ft

rmmirnumfuselage diameter, ft
diameter of fuselage at if/4 of vertical tail, ft
fuselage length, ft
projected side area of fuselage, sq ft
volume of fuselage, cu ft
tail length, distance pamdlal to fuselage

center line from Z/4 of wing to ceniwr of
pressure of vertical tail, ft

perpendicular distance from fuselage center
line to wmtw of pressure of vertical tail, ft

dynamic pressure (free stream unless other-
,

. . wise noted), ~p~, lb/sq ft

mass density o~airj slu@/cu ft
veloci~, ftlsec ‘ ~
rolling angular velocity, radians/see
angle of attack’ of wihg or fuselage canter

line (U&W otherw~e noted), deg
angle of sidealip, d~” -
eflective &he&al angle, deg
effective sidem,sh angle at vertical tail

(positive when tending h make the lateral
forca more positive)

au
% rate of change of effective sidewash angle

at vertical tail with angle of sidedip,
deg/deg

m efficiency factor of vertical tail in sidealip
eEciency factor of vertical tail in roll

;b
?m

wing-tip helix angle, radians

au
rate of change of effective sidewaahangle at

+; vertical tail with wing-tip helix angle,
radians/radian

c. lift coefficient, *

c.= maxirqum lift coefficient

c.
Drag

drag coefficient, —qsw

0. lateral-force coefficient, Lateral force
qsw

cm pitching-moment coefficient,
Pitching moment

qswzw

c.
‘lTtLwingmomentyawing-moment coefficient,

q$’,vbw

c,
Rolling momontrolling-moment coefficient,

@wbw

CYB lateral-force parameter per degree,
ac=

(–)a~ B.w
C* directional-stability parameter per degree,

acn

()w fl.~ “

Clfl effective-dihedral parameter per degree,

()
acl

~ p.p

GBV= – CL=V~~ PW degree

C.=v lifbcurve slope of vertical tail (CL of ver-
tical tail based on vertical-tail aren) per

()
ac.

‘~w’ WV .T.iy

c=== ~
()

.-@ per degree

a cy
c.,=— ~b Per radian

C.,=+; per radian

2V

act
c,, = —ag Per radian

2V

acrv
c=,v=— per radian

3 $V

AI CL, 4&.,

{

increments of coe6cients oaused by
@rP @w, &o~, wing-fuselage interference; that is,

4 cY# 4cxp, Alctp AICYP= f%pw~r – (%w+cY,,)
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{

increments of coefficients caused by
wing-fuselage interference and w-@

A2CYB, A@w, Alc~, interference on vertical-tail contri-
A2GP, A@.ttp,A&5 bution; that is, AZC=P= UP

( J%v+I’+v-
CY,,,+F)–(G,F+V-G,,)

[increments of coefhients caused bv

A3CYBt A&’V, AaCV,

I

mutual interference of fuselage an~

A&P, A8C,P,AaCtV
vertical tail; that is,

A319YB= (CYfi~~V— CY5J — CYpV

Subscripts:
L

w isolated wing
F isolated fuselage or body
~7 isolated vertical tail
WF wing-fuselage combination
r root
u component due to sidewash

APPARATUSAND MODELS

The tests of the present investigation were made in~the
6-foo&diameter rolling-flow test section of the Langley sta-
bility tunnel. This section is equipped with a motor-driven
rotor which may be used to impart a twist to the airstream
so that a model mounted in the tunnel is in a field of flow
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l’iaunE 2.—Dimensions of the compkti modds. A!] dimensionsam

in inahee.

similar to that which exists about an airplane in rolling

flight (ref. 3).
Details of the wing, fuselages, and vertical tail surfaws

and the relative locations of the W@ and vertical tails with
respect to the fuselages are given in figure 2. The vnrious
wing Po~tio% ~%e S~CW,~d v=ticd-td shea will be
referred to herein by the following designations:
WI-----------------------------------
Wa-----------------------------------
Wa-----------------------------------
F1------------------------------------
F,------------------------------------
Fz------------------------------------
vi------------------------------------
v*------------------------------------
v3------------------------------------

Midwing
High wing
Low wing
Smallfuselage
Medium fuselage
Large fuselage
Smallvertiaal tail
Medium vertioal tail
Large vertiaal tail

A list of the pertinent geometric characteristics of the various
component parts is given in table I.

TABLE I.—PER’ITNENT GEOMETRIC CHARACTERISTICS OF
MODELS

Fuselage: F1 F,

LengtQ in.--------------------- 54.0 540
Maximum diameter, in. --------- 46 6.0
fienmmtio ------------------ 120 9.0
Body-size ratio, d]bw ------------- 0.123 0.165
Volumq Cuin. ----------------- 546 990
Side area, sq in----------------- 186 252

wing:
~eotmtio ------------------------------------
Taper mtio-------------------------------------
Leding+dge sweep angle, d%--------------------
Dihedral angle, d~------------------------------
‘I%@ d~-------------------------------------
NACA airfoil swtion ----------------------------
Area, Sqin. ---------------- _---- 7--------------
span, in. --------------------------------------
Mean aerodynarnh chord, in. --------------------
Root chord, in. ---------------------------------
Wing-height ratio for all winK-

F3
64.0

9.0
6.0

0.246
2,200

q?.!)

!2. 31
0

60
0
0

65AO03
676.7

36.6
21.1
31.6

f&la~ combinations, zw/d---_---__------_---__ O, +0. 333

vertical tail: VI v, V3

&mtmtio -------------------- Z 18 218 218
Taper mtio--------------------- o 0 0
Le@ng-edge EJVOOpangl~ deg---- 426 42.6 42.6
NACA airfoil section------------ 65-OO6 66-oo6 66-006
Area, Sqin. -------------------- 39.2 48.3 66.0
Span,irl. ---------------------- 9.26 10.25 1200
Root.chor& in------------------ 8.60 9.40 11.00
Mean aerodynamic chor~ in. ---- 6.67 6.25 7.36
Tail 16ngt%in. ----------------- 21.5 21=.6 ,_ 21.6
Area ratio, J9vISIY--------------- 0.068 0.084 0.415 “
Tail-length ratio, lV/bw----------- 0.69 0.59 0.69

The complete modek used for the present investigation
were designed b permit tests of the wing alone, the fuselages
slone, the wing-fuselage combinations (with the wing at three
cl.ifkrent vertical poaitioIM relative to the fuselage), or the
fuselage in combination with any of tie three vertical tails
with or -ivithout the wing. The fuselagee used in the investi-
gation had fineness ratios of 6, 9, an~ 12 and were bodies of
revolution having paraboli~-mcPprdiles. and bhmta%il ends.
The wing was ,a 60° delta ~ of $i.@ect ratio 2.31 and had
an NACA 65AO03profile in t%ttioh parallel to the plane of
_~@. ~ the ~mr v~~d tails had an aspect
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ratio of 2.18,42.5° sweepback of the leading edge, and.NACA
(35-006 profiks in phznes parallel to the fuselage ~nter line
and diilered only in area. (See table I.) Ord.imn%sfor the
FIACA 65AO03and 65-006 sectiorq and for&e fqselages are
given in tables II and III, respectively. All parts were
constructed of mahogany.

TABLE H.-ORDINATES FOR NACA 65AO03AND 65-006
AIRForLs

[StationandordIn8kdIIIP?rcmtairfoilohord]

o
.234

:%
.4s3
.Ma
.m
.911

LCQ7
L~
LM
LKC
L472
L499
L497
L40S
L402
LWJ
L191
LOG
.&w
.7!27
.S49
.309
.Im
.@n

L. E. radlas:0.C57

Stiticm I Ordlnntes

o
.470
;p’g

i%
LES9
;%
24s2
2697
2s5!2
2k51
26%
2ss3
2’am
2741
2618
z 246
L%
i%
.Fa6
.510
.1%

o

1AE. radinx0240

TABLE III.-FUSELAGE ORDINATES

r>

s

z
/ ,—. .—.

1~+ I

Stdhn, $/2

o
.mn
.Cm
.0L5
.Im
.Cm
.Ow
.Ia3 .
.m
.240
.?03
.Wo
.4W
.4m
.483
.s40
.m

:E
.7KI

%

iE

FI

o
.m3
.CB119
.0232
.mm
.Olui
.0107
.ma
.0231
.W
.0391
.041s
.0117
;pl;

.04M

.Cm3

.ma

.0357

.W33

.0304

.Om

.0233

.Om

F2

o
.m17
.mu
.W41
.m
.0164
.0!i22
.0!B4
.Cm7
.0407
.am
.0-553
.0553
.C&4
.0$52
.Cbs41
.W4
.0.504
.0470
.0443
.Om
.0331
.C013
.0z70

F]

o

:%%
.ml
.Olm
.0232
.0333
.0423
X6&
.0780
.Wa
.W34
:%
.0780
.07Ea
.0n3
.Ws
.0010
.0642
.0409
.0413

The models were mounted on a single strut support at the
quarter-chord point of the wing mean aerodynamic chord
which coincided with the 50-percant point of the fuselage
length (mounting point, @. 2). Forces and moments were
measured by means of a six-component balance system. The

lateral force of the isolated vertical
the presence of the fuselama were

toilsas well as the tails in
obtained by means of on

eleciricil strain gage. Ph&ographe of two of-the COIl@ll’a-
tions tested are presenbd as iigure 3. The wing was set at 0°
incidence with respect to the fuselage center lim in cdl
positions
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(a) A4idwhg, medium fudage, and large verthal tail oonflgumtion
(w,+ F,+va).

b) -h *g, huge fusdsge, and large vertical tail contlguratlon
(w,+ F,+va).

Fmmm 3.-Comple&model configurations mounted on singlwtrut
support.

TESTS

Tests were made at n dynamic pressure of 39.8 pounds per
square foot which corresponds to a Mach number of nbout
0.17 and a Reynolds number of 2.06 X108 based on the mean
aerodynamic chord of the wing.

The models were tested through nn angle-of-nttack rrmgo
from about —2° up to and beyond the nngle of maximum
lift at angles of sideslip of 0° and +5° in strnight flow and nt
0° sideslip in rolling flow. Lift, drag, and pitching momonts
were obtained for the stmight-flow tests nt 0° sidealip. Data
obtained ia straight flow at + 5° sideslip and in rolling flow
at several values of pb/2V were used to obtiin the derivatives
of lateral force, yawing moment, rolling moment, and lnteral
force on the vertical tail with respect to /3and pb/2V. The
&t values of pb/2V were +0.015, +0.030, and +0.045.
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In order to obtain the lift-curve slope of the isolabd
Vertic$dtrd C&@ the tail was mounted as shown in figure 4.

The angle of attack of the support system was maintained at
0° while the angle of attack of the tail was varied by pivoting
the tail about the support point. The isolated tail was
tested at angles of sideslip of 0° and + 5° for several angles
of attack.

The tuft-grid technique of reference 4 has been used to
obtain pictures of the flow at the vertical tail as affected by
wing-fuselage interference. I?or each wing position (the
Imgo fuselage being used), pictures of the tuft grid mounted
directly behind the wing-fuselage combination were obtained
for zero angle of attack and for a range of sideslip angle.

WirKI dk-ecth

“A

..-VefticoI tail V3

Slrobgoge”
bolome

~
%ghtrut

FIGURE4.—Sketoh of vertical-tail mountiog for determining iwlated-
vertfaal-tafl raults.

CORRECTIONS

Approximate corrections, based on unswept-wing theory,
for the effects of jet boundaries (ref. 5) have been applied
to the angle of attack and drag coefficient. The data are not
corrected for blocking, turbulence, or support-sfit intsr-
fenmm.

METHODSOF ANALYSIS

Tho results of the present investigation are analyzed in
tmms of the individual contributions of the various parts of
the models to the aerodynamic characteristics and to the
more important interference effects.

LONGITUDINAIATARIIJTYCASE

In accordance with conventional procedures (for =am-
ple, as outlined in ref. 6), the lift and pitching-moment co-
efficients for the present complete conflgumtions can be ex-
pressed as

OL=C=w+CL,+AIcL (1)

C.= C.W-+-C.,+M. (2]

The increments expressed by AIC~ and AICmdenote the
mutual interference of the wing-fuselage combination. Them
increments can be obtained from the test results in th(
manner illustrated by the following equations:

A,CL=OLw+F–(cLw+ cLF) (3:

A#?m=cmw+F–(cmF+cm,) (4;

LATERAIX3TABILITYCASE

Interference increments,-By using a method analogous
;O the one employed for the longitudinal-stability case, the
]tatic-lateral-stability derivatives of the present complete
:oniigurations can be expressed as (see ref. 2)

The interference increments can be obtained from the test
:esults in a manner analogous to that used for the
ongitudimd-stability case. For example:

(6)

(8)

The mutual interference increments of the fuselage—
vertical-tail combination, that is, A@Ffl, A3C*fl,and ASCIP,
me made up of two separate interfwence increments. l?or
xmmple, the increment A3CYPis made up of the interference
of the fuselage on the vertical tail, which can be expressed as

and the interference of the vertical tail on the fuselage

(9)

(lo)

where (CYflv)=is the vertical-tail contribution to CYPin the

presence of the fuselage. Equations (9) and (10) when
added together result in equation (8).

Vertical-tail efficiency factors.—The vertical-tail contribu-
tion to the lateral-stability derivatives as affected by the
wing-fuselage interference can, for example, be expressed m

--c’&-[(+Ya7(%,)m-

“’dw-w]m
(11)

where ( Crk) - is the vertical-tail contribution to CYOin the

presen& of ‘the wing-fuselage combination. Similarly, the
contribution of the vertkal tail to CY8 as affected by the

fuselage interference can be expressed as
.

‘c’ [(+9;1(%).- P,
(12)

Solving equations (11) and (12) for the efficiency factols
gives, for wing-fuselage interference,

(“)~=[(+%-l?=(%‘ ’13)
and, for fuselage interference,

@=[(%)%l=- (14)
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hterference increments,-li a manner similar to the
lateral-stability case, the rolling derivatives of the present
complete con.figuration can be expressed as

CyP=C=~W~C.Pp~A,Cyp~ C.w~A,C.P~A,Cyp (15)

The interference increments can be obtained horn the
test results in a ~manner analogous to that used for the
lateral-stability case. For example,

.

A@Yp= (L%-PW+F+T-CY,W+F) — (CYP,+,—CYP,) (17)

The mutual interference increments of the fuselage—
vertical-tail combination AaCY@ AZCXP,and ASCZ~ are not
evaluated, because valuea of the rolling-stability derivatives
of the isolated vertical tail -iverenot obtained.

Vertical-tail effloienoy factor.—Jn accordance with the
development of reference 7, the vertical-tail contribution
to the rolling-stability derivatives aa ailected by the vving-
gefusela interference can, for example, be expressed as

(C,W)WF=–57.3C=4

[ 1

~v–:(ZV Cos a–l. sin 4+-
~~ !-l

(18)

where ( Crti)m is the vertical-tail contribution to CYPin

the pres-en~ of-the wing-fuselage combination.
Siily, the contribution of the vertical tail to Cyfl as

affected by the fuselage interference can be expressed as

[

au
(cY,v)F=–57.3cy&

1

&-~ (ZV COS ff-1. Sin a)+—
3$ !z

(19)

Solving equations (18) and (19) for the efficiency factors
gives, for wing-fuselage interference,

(20)
and, for fuselage interference,

RESULTSAND DISCUSSION
P_ENTATIONOF~ULm

The results for the configurations investigated are pre-
sented in three parts. The static longitudinal stability
characteristics are given in figures 5 to 11 and the statio
lateral stability characteristics are presented in iigurcs 12
to 28. The rolling stability characteristics are presented
in iigures 29 to 38.

Angle of aftackj a, deg

FIGURE5.—Aerodynado oharaotaristica of the 60° delta wing,

STATICLONGITUDINALSTABILITYCHARACTERISTICS

Wing oharaoteristios,-The lift, drag, and pitching-momont
data for the 60° delta wing of the present investigation me
presented in figure 5. The value of the experimental
lift-curve slope, taken through zero angle of attack, of
0.043 is in close agreement with the theoretical value of
0.042 given in reference 8. At low angles of attaokj the
aerodynamic center of the wing is located at about 37
percent of the mean aerodynamic chord. The theoretical
value of 33 percent given in reference 8 is in fair agreement
with this experimental value.

Fuselage ~d fuselag~vertioal-tail oharaoteristios.-One
of the main effects of the isolated fuselage on the statio
longitudinal stabili~ is the contribution of an unstable
pitching moment as ehovvn in figure 6. The unstable
pitching moment at low angles of attack increases with an
increase in fuselage size. Thk effect is in agreement with
the theory of reference 9 and the results of referenco 10.
However, the instabili~ in pitch decreases as the anglo of
attack increases for these bluntdail fuselages.

The addition of a vertical tail to the fuselages generally
had a small effect on the longitudinal stability character-
istics. The validity of the lift results obtained for con-
figuration F*+ Vs is questionable. .
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FIWEFi 6.—Aorodynam”o oharactaistim of the fuselagex

Wing-fuselage and oomplete-model characteristics,-The
addition of rL60° delta wing in the low, middle, and high
positions (TV3, ?VIj or TVS,respectively) to the fuselagea
(~1, 1’,, or F,) produced C.a characteristic at low @es
of attack similar to that obtained for the wing alone.
(Compare fig. 5 with fig. 7.) At moderate and high angles
of attack, all the configurations tested exhibited stable
pitching chmacteristics with the exxption of the low-win-
large-fuselage configuration W“+.F”. In this ~, an in-
stabilityy is indicated at as 24°. This angle of attack dso

corresponds to the angle of attack at which CL_ occurs
and to a break in the drag curve for this configuration.
As the fuselage size is decreased, Czm is increased and the
tendency for instability is delayed to a higher angle of attack.
These effects can probably be accounted for by consideration
of the interaction of the delta-wing vortex with the fuselage
and the wing-fuselage interference effects (AICm and AICL)

b(A1o=)
as ShOJVIlin fif$nre 8. As can be seen, the slope ~a

increased m the fuselage size was increased. The increment
Al~L also increaeea with an increase in fuselage size; how-
ever, the increase becomes less as the wing is moved from the
low to the high positions. The interference is, therefore,
a function of the body-size ratio and decreases with a
decreasa in the ratio. The variation of CL- with body-
size ratio and wing-height ratio is presented in iigure 9
and illustrates this effect. Also, as can be seen in figure 9,
the high-wing configurations attained the highest CL=

and the fueelagea in combination with several vertieal tails.

The addition of a vertical tail to the wing-fuselage com-
binations had little effect on the longitudinal stability
characteristics. (Compare figs. 10 and 11 with fig. 7.)

STATICLATERALSTABILITYCHARACTERISTICS

Wing characteristics.-~e vfiations of CYP, CaP, ~d
C%with angle of attack for the 60° delta wing are presented
in figure 12. The derivative C.fl and C~flare generally small
for most of the angle-of-attack range. The value of the
slope bC@Cz through ~=oo of 0.0047 for this -a is b
good agreement with the value of 0.0050 calculated by the
method of reference 11.

Fnselage charaoteristios.-The main contribution of the
isolated fuselagea to the static lateral stability characteristhx
is an unstable yawing moment throughout the angle-of-
attack range (see fig. 13). The magnitude of the unstable
yawing moment at low angles of attack is apparently a direct
function of the fuselage size. The fuselage characteristics at
~= 00 me SUIUti~ ~ we 140 In ord~ that the rw~ta
obtained may be applied conveniently to arbitrary airplane
codgurations, coefficient in terms of fuselage dimensions
are needed. This end is accomplished by plotting the quan-

&’&’tities (Crfl)= ~ ~d (Cn~)~~ against fuselage iinenek

ratio. The quantities plotted, therefore, are effectively a
lateral-force coefficient based on fuselage side area S, and a
yawing-moment coefficient based on fuselage volume or.

The results presented in figure 14 are compared with the
results of reference 12 and the theory of references 9 and 13.
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The experimental results show a negative lateral force which
increases as the ii.nenessratio is decreased; this result is in
good agreement with the results of reference 12. The theory
of reference 9, which is based on potential-flow consideration
for closed bodies, predicts no lateral force. The theory of
reference 13 results in a fair estimation of the fuselage
lateral-force coefficient. The experimental results obtained
for the directional-stability parameter (O&= show good
agreement with the results of reference 12 and are in fair
agreement with the theories of references 9 and 13.

Fuselage-tail characteristics.-The addition of a vertical
tail to the fuselages contributes a stable yawing momant and
an increase in lateral force. However, the magnitude of the
tail contribution to both C=pand C,~is apparently a function
of the ratio of the fuselage diameter (measured in the plane
of the tail 7/4) to tail span (dV/ilV). (See fig. 13.) Results
obtained by measurement of the lift on the tail in the pres-
ence of each fuselage through the angle-of-attack range are

presented in @ure 15 as ( Cror)p where ( (%flr~r is the verti-

cal-tail lift-curve slope based on the tig area. Tho vnrht-
tion of the eficiency factor (qJF as determined by the
procedures explained in the section entitled ‘Wethods of
Analysis” is presented in @ure 16 with angle of attack.
Tlhis factor is a direct measure of the induced sidewash at
the tail for a=OO. The effects of fuselage size on tllm
efficiency factor (qd)r and the tail lift-curve slope CL=V

(based on tail area) are summarized in figure 17 for a=OO
and show an increase in (q~)~and C~aVas the fuselwge diam-
eter is increased. The effect of fuselage size could be cal-
culated with good accuracy by using a ~te-step method
such as discussed in reference 14 and by accounting for tlm
effecw of the fuselage by using a method similar to that of
reference 15. This method also yields the span loading on
the tail. The calctiated values are also in good agreement
with the experimental results and indicate an incream in
stabilizing sidewash at the vertical tail with an increme in
fuselage size. (See fig. 15.)

G-.

O ~ W3+FI o ~ W,+FI 0 ~ W2+F,

Angle cdottock,a, &g

Frcimm7.—Effectsof wing position and fuselage size on the aerodynamic characteristics of =veral wing-fusdage combinations.
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FmuRE8.—Effects of wing position and fuselage size on the wing-fuselage interference increments Alcn and AICL for the wing-fuselage
combinations.

The variation of the isolated-vertical-tail lift-curve slope
with angle of attack of the model is presented in @e 18.
As shown the effects of angle of attack are small and the
values of CLWcould be calculated with good accuracy by using
a finite-step method. The isolated-tail resndtawere used
mainly for calculating the mutual interference increment of
the fuselage-tail combination A@=P. These results are pre-
sented in figure 19. As indicated by the procedure outlined
in the section entitled “Methods of kwlysis,” the mutual
interference increment A~CyPis composed of the interference
of the fuselage on the vertical tail &(?pPand the interference
of the tail on the fuselage A@=8. It is of importance to note
here that the interference increments 4C=fl and AbC=Oare
of the same magnitude at a= 0° for practically all the con-
figurations investigated. A similar result was obtained for
upswept tail-fuselage configurations as indicated in reference
16. The present results M well as the results of reference
16 iudicate that the load induced on the vertical tail by
the fuselage is equal to the load induced on the fuselage
by the vertical tail. As mentioned preciously, the contri-

L4

1!2

Lo

$ ‘8
d .6

.4

.2

0 .1 .2 .3+ -.2 0 .2 .4
Body-size rotlo, d/bW Wing-height ratio, zW/d

FIGURE 9.—Variation of CL=d=with bodyaiz-e ratio and wing-height
ratio.
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bution to C.~ of the tail alone as well as the tail in the
presence of the fuselage can be calculated with good accuracy.
The results obtained, therefore, indicated a simple means of
estimating the values of CrPof the fuselage-tail combination
at a=OO.

Wing-fuselage oharaoteristios,-The wing-fuselage charac-
teristic are presented in @e 20. The effects of wing
position on CYPand Cl@for a given fuselage size at low angles
of attack for these models are very similar to those effects
obtained for the unswept and swepkback wing models
discussed in reference 2. The qualitative analysis of refer-
ences 2 and 17 used to account for the tiects of wing position
on CYfland Clfl can also be applied to the present case.
Briefly, this analysis statea that for a high-wing-fuselage
configuration at a positive angle of sideslip the lateral
component of the free-stremn velocity (V sin P) will give rise
to an antisymunetaical variation in angle of attack; that is,
the flow about the fuselage induces an up-wash on the ad-
vancing wing scmispan and a dowmvaah on the opposite
semispan. (See fig. 1 (b).) The magnitude of these in-
duced velocities is a function of the fuselage size and can be
calculated horn flow considerations about an infinite cylinder
(ref. 18). It can be seen, therefore, that for positive side-
alip anglea a negative rolling moment will be induced and
that for a midwing configuration this effect does not exist.
In addition, at low angles of attack, a high-wing or low-wing
configuration at an angle of sideslip should have larger
values of Cy relative to the midwing results because of the

8end-plate e -ect of the wing. The results for Cb and C=p
shown in figure 20 are in agrecnnent,at low angles of attack,
with the preceding analysis.

The wing-fuselage configurations are directionally unstable
throughout the angle-of-attack range investigated (fig. 20).
The unstable yawing moment of the fuselages predominates
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FIGUIIB10.—Effeots of wing position and fuselage size on the aerodynamic oharacteriatics of several wing-fusdage-vertioal-tail oonOguratioaa,
Small and medium vertical tails V, and ‘V2.

for the low and moderate angle-of-attack range. (Compare
fig. 13 with fig. 20.) At high angles of attack, the wing-
fusolage configurations became more directionally unstable;
however, the increase in directional instabili@- is loss for the
high-wing configurations than for the midwing or low-wing
configurations.

As pointed out in the section entitled “Static Longitu&md
Stability Characteristics,” the low-wing-large-fuselage con-
figuration W3+F* exhibited breaks in the curves of c.,

CD, and Cm against angle of attack at a =24°. Similar
breaks are eshibited by the derivatives C=fl,CX6,and Clflat
about the same angle of attack.

The wing-fuselage interference increments AI(?F, AICnB,
and AIC~Bdetermined by the procedures explainec!i.n the
section entitled “Methods of Analysis” are presentid in
figure 21. la accordance with the qualitative analy&3 of
references 2 and 17 which has been redated briefly herein,
it can be seen that the wing-fuselage interference induces a
negative increment of rolling moment for the high-wing
con@u@ions and a positive increment for the 10
FGr&guratio&-at- lo=ilw=f Xt-&~These increments

incnxwe with an increase in fuselage size. For the midwing
ccnflgurations, the interference increments AlCldare about
zero at a= 0° and small at low and moderate angles of attack.
The effects of fuselage size and wing position on the increment
AIClflat a=OO are presented in figure 22. The remdts are
compared with values given by the empirical relation of
reference 1 and values calculated by using a procedure
similar to that of reference 15. In general, both proceclwes
result in good agreement. However, the results obtainod
by using the finite-step method also yield the antis~-
metrical span load distribution on the wing. In general tho
effective dihedral (C#= —0.00012 from ref. 11) varied
horn approximately +-2° to &8° as the fuselage size was
increaaed. The effects of wing position are simikw to tho
results presented in references 2 and 17.

As shown in figure 21, the interference increment AICYP
is negative at low angles of attack for both the high-wing
and the low-wing configurations. This increment also
increasea with an increase in fuselage size. At high angles
of attack, A1CY8attains large positive valuea for the low-
wing configuration, whereas, for the high-wing con@ura-
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FIGURE11.—Effects of wing position and fuselage size on the aerodynamic oharsotaiatica of several ~g—fuedage-vertical-tail con6guratiom.
Iarge vertical tail V3.

tion, this interference increment tends to remain negative or
becomes slightly positive. These variations with angle of
attack can probably be attributed to the effects of the
induced sidewmh on the fuselage (see refs. 2 and 17).

The interference increment A,Omis small over the low and
fmoderate rmgle-of-attack range or all the cordigmxitions

investigated. At the high angles of attack this increment
indicates an increase in directional instability for all the
configurations; however, the increase in directional instability
is leas for the high-wing configurations than for the midwing
or low-wing configurations.

Oomplete-model oharaoteristics,-The qualitative analysis
of the effects of wing-fuselage interference given in the
preceding section entitled ‘Wing-fuselage characteristics”
will be extended to include the effects of wing-fuselage inter-
ference on the vertical-tail contribution. As pointed out. in

the preceding anal~is, the lateral flow about the fuselage
induces an antisymmetrical lift distribution over the wing.
Actually, this variation in lift caused by the fuselage is
largely concentrated over a small region at the center of the
wing as indicated in references 17 and 19. In this region, a
large spanwise pressure gradient is produced on the wing
(ref. 17) which will induce sidewash at the tail as illustrated
in figure 1(b) and by the tuft-grid studies shown in figure 23.
The tuft-grid results of figure 23 indicate that, for a low-wing
configuration at a= O”, the sidewash at the tail is favorable
(increaae in directional stabili~); whereas, for the high-wing
configuration, the sidewash revemes sign and becomes
unfavorable (decreaae in directional stabilit@. II’or the
midwing configuration, a favorable sidewushis also indicabd
although theoretictdly it is zero (ref. 17). The sidewash
velocity produced by sideslip is proportional to the angles of
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)?IGUEE 12.-%atio lateral stability characteristics of the 60° delta
wing.

sidealipand also fuselage size and is theoretically independent
of the angle of attack. However, because the position of the
tail relative to the center of the wing wake changes with angle
of attack, the effect of me sidewash on the tail contribution
will also vary with angle of attack since, in passing through
the wing wake, the sidewash changea direction.

The results presented in figures 16, 24, and 25 are in agree-
ment with preceding analysis. As indicated in @e 25
changing the wing from the low to the high position produces
n large decrease in the directional-stability parameter C.~
at low or moderate angles of attack. This decrease is directly

related to the decrease in the tail contribution
(0’PA’P

with change in the wing from the low to the high position as
showninfigure15. It should be noted that C.palso decmeases
with an increase in fuselage size at low and moderate anglea
of attack for all the configurations investigate. TIIis
decrease, however, is mainly due to the increase in tho un-
stable yawing-moment contribution of the fumlago aa tho
fuselage size is increased. (See figs. 13 and 20.)

At high angles of attack all the configurations invostigntecl
are directionally unstable. However, the configuration with
the low wing, the large fuselage, and the large vertical tail
(W,+F,+ V,) maintains its directional stability to an angle
of attack above that which corresponds to CL-. The other
low-wing and midwing configurations become directionally
uustable at anglea of attack which correspond to CL.W. In
the case of the high-wing codigurations, directional instabi-
lityis attained at angles of attack which correspond to values
below Cf_. (See fig. 25.) The variations of tho tail
contribution (C.BV)W, at high angles of attack also indicoti
these trends. (See fig. 15.)

The increments of wing-fuselage interferenm on the
vertical-tail contributions A@Tfl, AICmfl,and AZCIPwore
evaluated from the basic data by the procedure outhnecl in
the section entitled “Methods of Analysis.” These incre-
ments are presented in @urea 26 and 27 and the efficiency
factor (q~)rr presented in figure 28 is used in order to sum-
marize these results since this factor is a direct measure of
the effects of the wing-fuselage interference on the tail. At
low angles of attack (fig. 28) for a given fuselage sizo the
efficiency factor decreasesas the wing-height ratio is increased
from negative to positive. This effect, as mentioned pre-
viously, is mainly due to the change in the induced sidewash.
As the body-size ratio is increased the efficiency factor in-
creases for the low-wing configuration and decreases for tho

o 11111 I I I I I I II I I
h-.004 I

GB-m – – – – – – – – – – – – – L I I
‘T

I Ill 11111 I
-.0 I 2 I I I I I I I I I I I

Angle of attock, a, &g

FIG~ 13.-8tatio Mend stability obaraoterktica of the fuselagea and the fuselaga in combination with several vertiaaltails.
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high-wing configuration. This eifect is due tq an increase in
the induced sidewash with an increase in fuselage size. For
the midwing configuration there is very little effect of
fuselage size (@g. 28). At high angles of attack the efllciency
factor of the vertical tail decreases for all the co@urations
investigated (see Q. 16). A large portion of this reduction
in the eiliciency factor maybe attributed to the effects of the
inboard movement of the delta-wing vortices (see ref. 4).

ROLLINGSTAB~Y CHARACTERISTICS

Wing characteristics.-The rolling stability derivatives for
the wing alone are presented in figure 29. In general, the
derivatives CrPand 0=, are small over the low and moderate
angle-of-attack range. The value of C,p of –0.16 at low
angles of attack obtained for this wing is in excellent agree-
ment with the theoretical value given in reference 20. At
bh mgles of attack, C=pbecomes more positive and attains
a value of 0.20 at Czm=. Also C% becomes more negative
(increase i-ndamping) at high angles of attack and attains a
Wlhle Of —0.27 at ~z~m.
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FmurM 17.—Tho cffioiency faotor and vertic.el-tail lift-curve slope as
influenced by the fuselages. a = OO.

Fuselage and fuselage-tail oharacteristius.-The fuselage
and fuselage-tail characteristics are presented in -e 30.
The contributions of the iu-elages to Crp and C% are small
over the low and moderate angle-of-attack range. The
value of C?aPobtained for the fuselages axe small and positive
and incream slightly with an increase in fuselage size.

The addition of a vertical tail to the fuselages had very
little effect on C and made Crp slightly more positive at

zmoderate and hig angles of attack. Also, the slope for the
boy

fuselage-tail configurations =# increased with an increase in

fumlage size. The vertical-tail contribution made C% more
positive at low anglea of attack, but, at moderate and high
angles of attack, C% changed sign and became negative.
This effect is also indicated by the variation of (C=~), -ivitb
angle of attack shown in figure 36.
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Frcxmua 18.—Variation of the isolated-vertical-tail lift-aurve slope
with angle of attack.

Wing-fuselage oharaoteristics,-The addition of a 60° delta

wing in the low, middle, and high positions to the fuselagea

produced 0% and c1 remdts which are essentially tbe same as
&those obtained for e wing alone. (Compare fig. 29 tith ~.

31.) h general, at low and moderati angles of attack, the
;ffaf-~-position and fuselage size are small for these

derivatives. In the case of (?YN however, there is a large
effect of both wing position and fuselage size. lln general,

changing the wing position from low to high results in a

ac.
reduction in the slope ~. Also, for a given wing position

an increase in fuselage size results in an increase in the slope
~’

. The win@uselage interference increments presented
aa

in figure 32 also indicate these trends.

Complete-model characteristics.-l%e effects of both wing
position and fuselage size on the complete-model character-
istics are presented in iigurcs 33 and 34. ‘The effects of wing
position and fuselage size on the derivative 0% are generally
.xumll, and the variation of this derivative with angle of
attack is essentially the same as that obtained for the wi.ug-
fuselage configurations (fig. 31). The effects of wing position
and fuselage size on the derivative CYPare also essentially

the same as those obtained for the w@@selage con@nra-
tions in that an increaae in fuselage size increases the slope
aoy
~ and a change in wing position horn low to high decreases

aa
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Changing the wing position from low to high slightly de-
?lCnp

creases the negative alope ~ and tends to make C% more

positive. This effect is also indicated by the variation of the
tail contribution (uYpV)m with angle of attack shown in

b(CP%)~ de~e~w ~h~figure 35. In this case, the slope ~a

the wing position changes from low to high. These effects
am also shown by the interference increments in figures 36
rmd 37 rmd by the eficiency factors in figure 38.

The change in the tail contribution (%%)* and in C%

with a change in wing position can probably be attributed to
t!heshift in the sidewash distribution at the tail with a change
in wing position. (See ref. 7.)

CONCLUSIONS

Results of an investigation made to determine the effects
of wing position and fuselage size on the low-speed static
longituW, static lateral, and rolling stability characteris-
tic of airplane models having a triangular wing and vertical
tail surfaces indicated the following conclusions:

1. For all wing positions, as the fuselage size was increased
the maximum lift coefficient decreased. Also, for a given
fuselage size, tho maximum lift coefficient increased as the
wing position was changed from low to high.

2. The vertical-tail lift-ourve slope increased as the fuse-
lage size was increased. This effect could be calculated with
good accuracy by using available methods. The results also
showed that at low angles of attack the load induced on the
vertical tail by the fuselage was equal to the load induced on
the fuselage by the verl$cal tail.

3. As indicated by both available theory and results of
previous investigations, the effective dihedral at low angles
of attack caused by wing-fuselage interference changed sign
as the wing position ma changed horn low to I@h. Also,
the effective dihedral increased with an increase in fuselage
size, that is, from approximately %2° to k8°. This effect
could be calculated by using available methods.

4. The vertical-tail contribution to the directional stabili~
was increased at low and moderate angles of attack by moving
the wing horn the high to the low position because of the
favorable sidewash at the vertical tail arising horn the wing-
fnselage’ interference. At high angles of attack all the con-
figurations investigated became directionally unstable. How-
ever, the low-wing-large-fuselage cor@-uration maintained
directional stability to an angle of attaok above that which
corresponds to maximum lift.

5. The effects of wing position and fuselage size on the
rolling-stability derivatives were generally d.

LANGLnY hRONAUTICAL LABOWTORY,

NATIONAL ADVISORY Co MaUTrEE FOR AEIiONAUTICf3,
LANGLEY FIELD, VA., Nomrnbmi, 196$.
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